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(54) Non-aqueous electrolyte secondary battery 

(57) In a non-aqueous electrolyte secondary battery 
provided with a positive electrode, a negative electrode, 
and a non-aqueous electrolyte solution, a positive elec- 
trode active material is a mixture of lithium-manganese 
composite oxide and at least one of lithlum-nickei com- 
posite oxide represented by a general fomnula 
LiNi^MI ^.^02 and lithium-cobalt composite oxide repre- 
sented by the general fomnuia UCObM2^4^02, and said 
non-aqueous electrolyte solution contains at least a sat- 
urated cyclic carbonic acid ester and an unsaturated cy- 
clic carbonic acid ester having double bond of cart>on 
where content by amount of said unsaturated cyclic car- 
bonic add ester having double bond of carbon is in a 
range of 1 .0 X 1 0~® to 2.4 X 1 0^ g per positive electrode 
capacity 1 mAh. 
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Description 

BACKGROUND OF THE INVEf^ON 
5 Reld of the Invention 

[0001] The present invention relates generally to a non-aqueous electrolyte secondary battery provided with a pos- 
itive electrode capable of absorbing and desorbing lithium, a negative electrode capable of at>sorbing and desorbing 
lithium, and a non-aqueous electrolyte solution, and particularly, to a non-aqueous electrolyte secondary battery having 
10 a high capacity, excellent thennal stabilily and storage characteristics under high temperature conditions, and excellent 
high rate discharge characteristics. 

Description of the Related Art 

15 [0002] F^ecently, as one type of advanced secondary batteries featuring high power and high energy density, non- 
aqueous electrolyte secondary batteries of high electromotive force, using a non-aqueous electrolyte solution as its 
electrolyte, and featuring light weight, high capacity, excellent charge / discharge cyde characteristics, which are de- 
rived from oxidation and reduction of lithium have come into practical use. 

[0OO3] 1 n such non-aqueous electrolyte secondary batteries, lithium-transition metal composite oxides including iith- 
20 ium-cobalt composite oxide such as LiCo02, lithium-nickel composite oxide such as LJNi02, and lithium-manganese 
composite oxide such as LiMn204 are generally used as a positive electrode active material in the positive electrode. 
p)004] When the lithium-manganese composite oxide such as UM n204 is used, thermal stability is higher compared 
with the cases where the iithium-cobalt composite oxide such as LJC0O2 or the iithium-niclcel composite oxide such 
as LlNiOs is used, however, there have remained problems that the capacity is decreased, hence the non-aqueous 
25 electrolyte secondary batteries having high capacity Is not attained, and storage characteristics cmd charge / discharge 
cycle characteristics are degraded. 

[0005] Therefore, In recent years, Japanese Patent No. 3024636 has shown the use of the mixture of the lithium- 
manganese composite oxide such as IJMn204 and the lithium-nickel composite oxide such as UNi02, to increase the 
capacity of the non-aqueous electrolyte secondary battery, and to InDprove the storage characteristics and the charge 
30 / discharge cycle characteristics under high temperature conditions. 

[0006] Unfortunately, however, ttie use of the mixture of the litiilum-manganese composite oxide such as LiMn204 
and the lithium-nickel composite oxide such as LINi02 has not fully modified the storage characteristics under high 
temperature conditions. 

35 SUMIVIARY OF THE INVENTION 

[0007] An object of the present invention is to solve the above-mentbned various problems In a non-aqueous elec- 
trolyte secondary battery provided with a positive electrode capable of absorbing and desorbing lithium, a negative 
electrode capable of absorbing and desorit>ing lithium, and a non-aqueous electrolyte solution. 
40 [0008] More specifically, an object of the present invention is to provide a non-aqueous electrolyte secondary k>attery 
having a high capacity, excellent themrtal stability and storage characteristics under high temperature conditions, and 
excellent high rate discharge characteristics. 

[0009] According to the present invention, in the non-aqueous electrolyte secondary battery provided with the positive 
electrode capable of atisorbing and desorbing itthium, the negative electrode capable of absorbing and desortsing 

45 lithium, and the non-aqueous electrolyte solution, 

as a positive electrode active material forming the positive electrode, a mixture of lithium-manganese composite 
oxide and at least one of lithium-nickel composite oxide represented by a general fomiula LINigMI ^,^2 (wherein Ml 
denotes at least one element selected from B, Mg, Al, Ti, Mn, V, Fe, Co, Cu, Zn, Ga, Y, Zr, Nb, Mo, and In, and a 
relationship 0<a^1 is satisfied), and lithium-cobalt composite oxide represented by the general formula LlC0bM2i^O2 

so (wherein M2 denotes at least one element selected from B, Mg, Al, TI, Mn, V, Fe, Nl, Cu, Zn, Ga, Y, Zr, Nb, Mo, and 
In, and the relationship 0<b^1 Is satisfied) is used, and the non-aqueous electrolyte solution contains at least a saturated 
cyclic cart>onk; acid ester and an unsaturated cycric cart)onk: ackJ ester having double t>ond of carbon where content 
by amount of the unsaturated cyclic carbonic add ester having double bond of cartoon is in a range of 1 .0 x 1 0*^ to 
2.4 X 10^ g per positive electrode capacity 1 mAh. 

S5 [0010] As in the non-aqueous electrolyte secondary battery according to the present invention, when ttie mixture of 
the lithium-manganese composite oxide and at least one of the lithlum-nlckel composite oxide and the iithium-cobalt 
composite oxide is used as the positive electrode active material, capacity of the non-aqueous electrolyte secondary 
battery is increased, voltage region by charge / discharge is lowered, and the positive electrode active material is 
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prevented from reac^on with the non-aqueous electrolyte solution under high temperature conditions, thus the storage 
characteristics and the charge / discharge cycle characteristics are mnproved, compared with the case where only the 
lithiunMnanganese composite oxide is used. Espedally, when the lithium-manganese composite oxide whose crystal 
structure Is a spinel structure is used as the at)Ove-mentioned lithiunrwnanganese composite oxide, more excellent 

5 effects can be obtained. 

[0011] In addition, when the non-aqueous electrolyte solution containing at least the saturated cyclic cart>onic add 
ester and the unsaturated cyclic carbonic add ester having double bond of cart)on Is used, the positive electrode active 
material is further prevented from the reaction with the non-aqueous electrolyte solution and an appropriate film is 
formed for the effect of the unsaturated cydic cart>onlc acid ester having double bond of carbon, thus the reaction 

10 t>etween the manganese which elutes from the positive electrode and the negative electrode is prevented, as a result, 
the storage characteristics under high temperature conditions is further improved. 

[0012] In the non-aqueous electrolyte solution containing at least the saturated cydic cart>onic acid ester and the 
unsaturated cydic carbonic add ester having double bond of cart>on, the content by amount of the unsaturated cydic 
cart)onic acid ester having double bond of cart>on Is set in the range of 1 .0 x 1 0^ to 2.4 x 1 0^ g per positive electrode 

15 capacity 1 mAh because when the content by amount of the unsaturated cydic carbonic acid ester is less than 1 .0 x 
1 Qr^ g, the positive electrode active material is not sufTidently prevented from the reaction with the non-aqueous elec- 
trolyte solution, and the manganese which elutes from the positive eledrode is not suffidentiy prevented from the 
reaction with the negative electrode, on the ottier hand, when the content by amount of Itie unsaturated cydic carkionic 
add ester is more than 2.4 x 1 0^ g, the unsaturated cydic carbonic add ester having double bond of cart)on remains 

20 In the non-aqueous electrolyte solution in excess, ion conductivity in the non-aqueous electrolyte solution is decreased, 
thus the high rate discharge charaderistics is degraded, as a result, discharge capacity at high current Is decreased. 
[0013] In order to further improve the high rate discharge characteristics and the storage charaderistics of the non- 
aqueous dectroiyte secondary battery, the lithiumHiickel composite oxide and the lithium-cobalt composite oxide as 
the posith/e electrode active material having BET specific surface area In the range of 0.2 to 1 0 m^g, and an average 

^ particle diameter in the range of 1 to 1 5 ^m is preferably used. 

[001 4] Further, in order to widen discharge voltage region and improve the high rate discharge characteristics of the 
non-aqueous electrolyte secondary battery, the lithtum-nickel composite oxide represented by the general fonnula 
LiNl^n^3|^2' (wherein M3 denotes at least one element selected from B, Mg, Al, 71, V, Fe, Co, Cu, Zn, Ga, Y, Zr, 
Nb, Mo, and In, and the relationships 0<c^1, 0.1 <d are satisfied) is preferably used as the llthlum-nlckel composite 

30 oxide in the positive electrode active material. Further, in the general fonnuta, MS is preferably at least one element 
selected from Co, Al, Mg, and Cr, and the general fomnuia LiNicMn(^^.^2> wherein MS denotes Co is more preferably 
used. In addition, in order to improve the thermal stability of the of the non-aqueous electrolyte secondary battery, the 
general fomnuia LiNicMn,^^.^, wherein the relationships 0<c<0.5, 0.1<d<0.6 are satisfied is preferably used. 
[0015] In addition, in orderto further improve the storage characteristics and charge/ discharge capacity of the non- 

35 aqueous electrolyte secondary battery, the IrthiumHTtanganese composite oxide in the positive electrode active material 
represented by the general formula Li^^Mn2.fM4|04, (wherein M4 denotes at least one element selected from the 
group consisting of B, Mg, Al, Tl, Mn, V, Fe, Co, Ni, Cu, Zn, Ga, Y, Zr, Nb, Mo, In, and Cr, and the relationships 0^0.5, 
O^^l are satisfied), and having an average partide diameter In the range of 5 to 15 ^m is preferably used, and more 
preferably, M4 denoting Al and Mg. 

40 [001 6] In addition, in order to improve the themnal stability and increase the charge / discharge capadty of the non- 
aqueous electrolyte secondary battery, mixture ratio of at least one of the lithium-nickel composite oxide and the lithium- 
cobalt composite oxkJe, and the iittiium-manganese composite oxide is preferably set in the range of 20 : 80 to 80:20 
by weight. 

[0O17] Examples of the unsaturated cycMc cart>onk: add ester having dout>le bond of carbon usable for the non- 
45 aqueous electrolyte solution in the non-aqueous electrolyte secondary battery include vinylene cari^onate, 4,5-dimethyl 

vinylene carbonate, 4,5-diethyl vinylene cart>onate, 4,5-dipropyl vinylene carbonate, 4-ethyl-5-methyl vinylene cart)on- 

ate, 4-ethyl-5-propyl vinylene cart^onate, 4-methyl-5-propyl vinylene cart)onate, and In order to further improve the 

storage charaderistbs of the non-aqueous electrolyte secondary battery, vinylene carbonate is preferably used. 

[0018] Examples of the saturated cydk: cart>onto acid ester usable for the non-aqueous electrolyte solution indude 
50 ethylene carbonate, propylene carbonate, butylene carbonate, and these solvents may be used alone or in combination 

of two or more, especially, ethylene carbonate, propylene cart>onate, and a mixed soh^ent of ethylene cart)onate and 

propylene carbonate are preferably used. 

[0019] When a chain carisonk: add ester is contained In the non-aqueous electrolyte solution in addition to the un- 
saturated cydic cartx>nic add ester having double bond of cartx>n and the saturated cydic carit)onic add ester, viscosity 
55 of the non-aqueous eledrolyte solution is lowered, thus a percentage of capacity retention at nomnal temperature and 
at high temperature, and low temperature discharge characteristics are improved. Examples of the chain cart)onic acid 
ester indude dimethyl carbonate, ethyl methyl carbonate, diethyl cart>onate, methyl propyl carbonate, ethyl propyl 
cart)onate, and methyl isopropyl cart>onate, and these soh^nts may be used alone or in combination of two or more. 
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[0020] The non-aqueous electrolyte solution may contain ester group including methyl acetate, ethyl acetate, propyl 
acetate, methyl propionate, ethyl propionate, 'Hiutyrolactone, ether group including tetrahydrofuran, 2Hfnethyl tetrahy- 
drofuran, 1 .4-dloxane, 1 ,2-dimethoxyethane, 1 ,2^iethoxyethane, nitrile group Including acetonitrile, and amide group 
including dimethylformamide in addition to the unsaturated cyclic carbonic add ester having double bond of carbon, 

5 the saturated cyclic cartoon Ic add ester, and the chain carbonic acid ester. 

[0021] In the non-aqueous electrotyte solution, loiown electrolytes for use in the non-aqueous electrolyte secondary 
batteries may be used as the electrolyte. Examples of the usable electrolyte indude UPFe . UAsFe . LiBF4, LICFaSQa , 
IJN( Ci F21+1SO2 ) ( CmFanH^iSOg ) (wherein 1 and m denote an integer not less than 1 ), LJC(C|,F^iS02) (CqFacffiSOg) 
{0^2T+^^^2) (wherein p, q, and r denote an integer not less than 1) , and these electrolytes may be used alone or in 

fo combination of two or more. Density of the electrolyte in the non-aqueous elec^iyte solution generally set in the 
range of 0.1 to 1 . 5 mol / 1, and is preferably set In the range of 0.5 to 1 .5 mol / 1. 

PM)22] The non-aqueous electrolyte secondary battery according to the present invention may use known negative 
electrode active materials in the negative electrode. Examples of the usable negative electrode acth^ material indude 
metal lithium, lithium alloy, and cart>on materials capable of absorbing and desorfoing lithium ions, including graphite, 

15 coke, sintered organic substances. 

[0023] In order to attain sufTicient battery capacity, graphite is preferably used as the negative electrode active ma- 
terial. When graphite coated with low crystalline carbon virhere whole or a part of a surface of first graphite material as 
a substrate is coated with second carix>n material which is lower in crystallinity compared with the first graphite material 
is used as the negative electrode active material, reception of lithium Ions is Increased for the effect of the low crystalline 

20 carbon on the surface, and the high rate discharge characteristics of the non-aqueous elecm-oiyte secondary battery 
is improved. In order to coat the surface of first graphite nnaterial whteh is the substrate with the second cart>on material 
having low crystallinity, dry process, wet process, Tiquld-phase process, vapor-phase process, partial vapor-phase 
process, and so on may be emptoyed. 

[0024] In addition, the aforesaid graphite coated with low crystalline carit)on where whole or a part of the suriface of 
25 the first graphite material as the substrate is coated with the second cait>on material whbh is lower in crystallinity 
preferably has an intensity ratio (IA/1B) whk;h is an intensity lA of 1350/cm based on an intensity IB of 158Q/cm, as 
measured by Raman spectroscopy, in a range of 0.2 to 0.3. A peak in 1 58Q/cm originates in a laminate having hexagonal 
symmetry whtoh is similar to graphite structure, while the peak in 1350/Scm originates in low crystalline structure in 
whteh the crystal structure of cart>on is disordered. The higher value of lA/lB is, the larger the proportion of the low 
30 crystalline carbon on the surface is. When the value of lA/iB is less than 0 . 2 , the proportion of the low crystalline 
carix>n on the surface of graphite is towered, accordingly, recepdbility of lithium ions is not fully improved, while when 
the value of lA/IB Is more than 0 . 3 , the amount of the low crystalline cart>on Is large and the proportion of graphite 
is lowered, accordingly the battery capacity is decreased. 

[0025] These and other objects, advantages and features of the invention will become apparent from the following 
35 description thereof taken in conjunction with the accompanying drawings which iltustrate spedfk: embodiment of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 [0026] 

Fig.1 is a schematic sectional view of a non-aqueous electrolyte secondary battery according to Examples and 
Comparative Examples of the present inventton; 

Fig.2 is a graphcal representation of relationship between amount of vinylenecartMnate (VC) added to non-aque- 
^ ous electrolyte solution per positive electrode capacity 1 mAh and high rate discharge characteristics (%) of the 
non-aqueous electrolyte secondary batteries of Examples 1 and 2 and of Comparative Examples 1 , 4, and 5. 

DESCRIPTION OF THE PREFERRED EIWIBODIMENTS 

50 [0027] The following examples specifically illustrate non-aqueous electrolyte secondary batteries according to the 
present invention. Further, comparative examples will be taken to make it dear that each non-aqueous electrolyte 
secondary battery according to the examples has a high capacity, excellent storage characterisfics under high tem- 
perature conditions, and excellent high rate discharge characteristks. It should be appreciated that the non-aqueous 
electrolyte secondary batteries according to the present inventton are not partcularty limited to those in the following 

55 examples, and various changes and modificattons may be made in the invention without departing from the spirit and 
scope thereof. 
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(Example 1) 

[0028] In example 1 . there were used a positive eiedrode, a negative eiec^de, and a non-aqueous electrolyte 
solution prepared in the following manners so as to fabricate a cylindrical non-aqueous electrolyte secondary battery 
5 havingaratedcapadtyof 1.5 Ah. 

Preparation of Positive Ele^rode 

[0029] In the preparation of a positive electrode, a iithium-nickei-cobalt-manganese composite oxide represented by 
10 a general fonmula UNiq^ COo^MnQ 3O2 and a lithiunrwnanganese composite oxide having a spinel structure repre- 
sented by the general fomiula Li^ j5Mn)^04 were mixed in a weight ratio of 1 :1 to obtain a positive electrode active 
material. 

p)030] The positive electrode active material, cartoon as a conductive agent, and polyvinylidene fluoride as a binding 
agent were mixed in a weight ratio of 90:5:5. N-methyt-2-pyrolidone was added to a mixture obtained to adjust slurry. 
IS Next, the slurry was applied to both sides of an aluminum foil having a thickness of 20 ^m by means of doctor blade 
coating method. The slurry on the aluminum foil was then subject to vacuum drying to obtain a positive electrode. 

Preparation of Negative Electrode 

20 [0031] In the preparation of a negative electrode, graphite powder was used as a negative electrode active material. 
The graphite powder and polyvinylidene fluoride as a binding agent were mixed in a weight ratio of 95:5. N-methyt- 
2-pyroildone was added to a mixture obtained to adjust sluny. Next, the sluny was applied to both sides of a copper 
foil having a thickness of 20 |im by means of doctor blade coating method. The slurry on the copper foil was then 
subject to vacuum drying to obtain a negative electrode. The graphite powder used as the negative eiectrode active 

25 material had an intensity ratio (lA/IB) which was an Intensity lA of 1350^cm based on an Intensity IB of 158Q/icm, as 
measured by argon laser Raman, of 0.16. 

Preparation of Non-aqueous Electrolyte Solutton 

30 [0032] In the preparation of a non-aqueous ele(^olyte solution, ethylene carbonate (EC) which is a saturated cyclic 
cart>onic add ester and diethyl cart)onate (DEC) which is a chain carbonic acid ester were mixed in a volume ratio of 
3:7 to prepare a mixed solvent, in which LiPFe was dissolved in a concentration of 1 mol/1, and in which vinylene 
cart>onate (VC) which is an unsaturated cyclic caibonb add ester having double bond of caibon was further added so 
thatcontentbyamountthereof be1.3x KHgperpositiveelectrodecapacityl mAh to obtain a non-aqueous electrolyte 

35 solution. 

(Fabrication of Battery) 

[0O33] In the fabricatton of a battery, as shown In Rg.1 , a separator 3 fomned of a iithium-lon-penneabie porous 
40 polypropylene film was interposed between the positive electrode 1 and the negative electrode 2 prepared in the above- 
mentioned manners, and they were contained in a battery can 4 upon being spirally wound after which the non-aqueous 
electrolyte solution prepared in the above-mentioned manner was poured in the battery can 4 and the battery can 4 
was sealed, and the positive electrode 1 was connected to a positive-electrode cover 6 through a positive-electrode 
lead 5 and the negative electrode 2 was connected to the battery can 4 through a negative-electrode lead 7, to eleo- 
45 trically separate the battery can 4 and the positive electrode cover 6 from each other by an Insulating packing 8. 

(Comparative Example 1) 

[0034] In Comparative Example 1 , In the preparation of the non-aqueous electrolyte solution of Example 1 , vinylene 
30 cart)onate (VC) which is the unsaturated cydic cart>onic acid ester having double bond of cartoon was not added. 
Except for the above, the same procedure as that in the Example 1 was taken to fabricate a non-aqueous electrolyte 
secondary battery of Comparative Exannple 1 . 

(Comparative Example 2) 

55 

[0035] in Comparath^e Example 2, in the preparation of the positive electrode of Example 1 . only the lithium-man- 
ganese composite oxkJe having the spinel structure represented by the general formula Li^^5Mni^04 was used as 
the positive electrode active material, and iithiunrwiickel-cobait-manganese composite oxide represented by the gen- 



5 



EP1391959A2 



eral formula UNIq 4COo.3Mno302 was not added. 

[CK)36] Except for the above, the same procedure as that in the Exanrple 1 was taken to fabricate a non-aqueous 
elec^lyte secondary battery of Conrtparative Example 2. 

5 (Comparative Example 3) 

[0037] In Comparative Example 3, In the preparation of the positive electrode of Example 1 , only the iithiunrwnan- 
ganese composite oxide having the spinel structure represented by the general fomnuia Uii5Mni^04 was used as 
the positive electrode active material, and lithiunrMfiickel-cobalt-manganese composite oxide represented by the gen- 

10 eral formula UNio4COQ sMnQ^Og was not added in the same manner as the Comparative Example 2. In addition, in 
the preparation of the non-aqueous electrolyte solution, vinylene carbonate (VC) which is the unsaturated cyclic car- 
bonic add ester having double bond of carbon was not added in the same manner as the Comparative Example 1 . 
[0038] Except for the above, the same procedure as that in the Example 1 was taken to fabricate a non-aqueous 
electrolyte secondary battery of Comparative Example 3. 

IS [0039] Each of the non-aqueous electrolyte secondary batteries of Example 1 and Comparative Exannples 1 to 3 
thus fabricated was charged at a chaiging current of 500 mA to a charge cut-off voltage of 4.2 V, and then discharged 
at a discharging cun^ent of 500 nnA to a discharge cut-off voltage of 3.0 V under the room temperature of 25 ''C. The 
above-mentioned charging and discharging was considered as one cycle. 10 cycles of the charging and discharging 
were performed, so as to measure discharge capacity Y1 (mAh) at the 10th cyde. The results were shown in the 

20 following Table 1 . 

[0040] Each of the non-aqueous electrolyte secondary batteries after 1 0 cydes of the charging and discharging was 
charged at the charging current of 500 mA to the charge cut-off voltage of 4.2 V under the room temperature of 25 ^'C, 
was stored in a homeothermal container In which the temperature was 45 **C for 30 days, and was discharged at the 
discharging current of 500 mA to the discharge cut-off voltage of 3.0 V under the room temperature of 25 *C again so 
25 as to measure the discharge capacity Y2 (mAh) after storage of each of the non-aqueous electrolyte secondary bat- 
teries. A percentage of capacity retention (%) in each of the non-aqueous electrolyte secondary lotteries was found 
by way of the following formula. The results were shown in the folk)wing Table 1 . 

^ Percentage of capacity retention (%) = (Y2/Y1 ) x 1 00 

[0041 ] The negative electrodes of each of the non-aqueous electrolyte secondary batteries were picked out to meas- 
ure the amount of Mn deposited on the negative electrodes, so as to find weight ratio (wt%) of Mn based on the graphite 
as the negative electrode active material. The results were shown in the following Table 1 . 

35 



[Table 1] 





non-aqueous 
electrolyte 
solutton 


positive electrode 
active material 


Y1 (mAh) 


percentage of 

capacity 
retention (%) 


amount of Mn 
(wr%) 


Example 1 


EC+DEC+VC 


LiNio.4COo5Mno302 
+Lii.i5Mn^^04 


160 


95 


4.0X10^ 


Comparative 
Example 1 


EC4-DEC 


UNio.4COo3Mno302 
+ Lh.t5Mn^3gp4 


160 


80 


6.0X10^2 


Comparative 
Example 2 


EC443EC+^VC 


Li1.15Mn1.a5O4 


105 


80 


0.9 


Comparative 
Examples 


EC+DEC 


Lii.i5Mnij504 


105 


70 


1.5 



[0042] As apparent from the results, the non-aqueous electrolyte secondary batteries of Example 1 and Comparative 
Example 1 using the positive electrode active material which was prepared by mixing the lithium-nickel-cobalt-man- 
ganese composite oxide and the lithium-manganese composite oxide having a spinel structure presented a larger 
discharge capacity compared with the non-aqueous electrolyte secondary batteries of Comparative Examples 2 and 
3 using the positive electrode acth/e material prepared only by the Dthiumnfnanganese composite oxide having the 
spinel structure. 

[0043] Besides, the non-aqueous electrolyte secondary battery of Example 1 using the positive electrode active 
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material which was prepared by mixing the lithium-nickel-cobatt-manganese composite oxide and the lithiunvmanga- 
nese connposite oxide having the spinel structure, and using the non-aqueous electrolyte solution containing ethylene 
carbonate, diethyl cart)onate, and vinylene carbonate presented an improved percentage of capacity retention and 
storage characteristics and less amount of Mn deposited on the negative electrode compared with the non-aqueous 
5 electrolyte secondary batteries of Comparative Examples 1 to 3. The amount of Mn in the non-aqueous electrolyte 
solutions of each of the non-aqueous electrolyte secondary batteries was less than detectable limit. The Mn which 
eluted from the positive electrode was expectedly deposited on the negative electrode. 

(Example 2 and Comparative Examples 4 and 5) 

10 

[0044] In Example 2 and Comparative Examples 4 and 5, in the preparation of the non-aqueous electrolyte solution 
of Example 1 , only the amount of the vinylene cart>onate (VC) added to the non-aqueous electroiyte solution was varied 
as shown in the following Table 2. Specifically, the amount was respectively changed to 2.4 x 10^ g per positive 
electrode capacity 1 mAh in Example 2, 4.0 x 1 cH g per positive electrode capacity 1 mAh in Comparative Example 
15 4, and 7.0 x 1 Q-^ g per positive electrode capacity 1 mAh In Comparative Example 5. Except for the above, the same 
procedure as that in the Example 1 was taken to fabricate non-aqueous electrolyte secondary batteries of Example 2 
and Comparative Examples 4 and 5. 

[0045] Each of the non-aqueous electrolyte secondary batteries of Example 2 and Comparative Examples 4 and 5 
cmd aforesaid Example 1 and Comparative Example 1 was charged at the charging current of 500 mA to the charge 

20 cut-off voltage of 4.2 V, and then discharged at the discharging current of 500 mA to the discharge cut-off voltage of 
3.0 V under the room temperature of 25 ^'C. The above-mentioned charging and discharging was considered as one 
cycle. 10 cycles of the charging and discharging were perfonmed. Then each of the batteries was charged at the 
charging cun^nt of 500 mA to the charge cut-off voltage of 4.2 V, and then discharged at the discharging current of 
300 mA to the discharge cut-off voltage of 3.0 V so as to measure the discharge capacity X1 (nnAh) at 300 mA of each 

^ of the non-aqueous electrolyte secondary batteries. 

[0046] Each of the non-aqueous elec^olyte secondary batteries was charged at the charging current of 500 mA to 
the charge cut-off voltage of 4.2 V and was discharged at a high discharging cun-ent of 4500 mA to the discharge cut- 
off voltage of 3.0 V under the room temperature of 25 **C so as to measure the discharge capacity X2 (mAh) at 4500 ^ 
mA of each of the non-aqueous ele^lyte secondary batteries. High rate discharge characteristics (%) of each of the 

30 non-aqueous electrolyte secondary batteries was found by way of the following formula. The results were shown in 
the following Fig 2. 

High rate discharge characteristics (%) = (X2/X1) x 100 

35 

[0047] As apparent from the results, the non-aqueous electrolyte secondary batteries of Example 1 and 2 in which 
the amount of vinylene cart)onate (VC) added to the non-aqueous electrolyte solution was in the range of 1 .1 x 10^ 
g to 2.4 X 1 0^ g per positive electrode capacity 1 mAh presented a remarkably improved high rate discharge charac- 
teristics compared with the non-aqueous electrolyte secondary batteries of Comparative Examples 4 and 5 in whteh 
40 the amount of vinylene cartx)nate (VC) to t>e added was more than the above-mentioned range. 

(Example 3) 

[0048] In Example 3, in the preparatton of the negathre electrode of Example 1 , graphite coated with low crystalline 
^ cart)on where surface of graphite powder is coated with tow crystalline cartoon tyy contact between the graphite powder 
and hydrocarbon under a heat condition was used as the negative electrode active material. The graphite coated with 
low crystalline carit)on where surface of graphite powder is coated with low crystalline carbon had the intensity ratio 
(lA/IB) which was the intensity lA of 1 35Q/cm based on the intensity IB of 1580/cm, as measured by argon laser Raman, 
of 022. 

so [0049] Except that the negative electrode thus prepared was used, the same procedure as that in the Example 1 
was taken to fabricate a non-aqueous electrolyte secondary battery of Example 3. 

[0050] The percentage of capacity retention (%) and the high rate discharge characteristk:s (%) of the non-aqueous 
electrolyte secondary battery of Example 3 was found in the same manner as that in the Example 1 . The results were 
shown in the following Table 2 along with those of Example 1 . 
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(Table 2) 





lA/IB value of negative 
electrode active material active 


percentageof capacity retention 
(%) 


high rate discharge discharge 
characteristics 


Examples 


0.22 


95 


98^ 


Example 1 


0.16 


95 


95.0 



[0051] As apparent from the results, the non-aqueous electrolyte secondary batteries of Example 3 using the graphite 
powder coated with low crystalline cartK)n, where surface of graphite powder is coated with low crystalline carbon as 
the negative electrode active material presented the high percentage of capacity retention (%) as the non-aqueous 
electrolyte secondary flatteries of Example 1 using the graphite powder whose surface was not coated with low crys- 
talline cart>on as the negative electrode active material, and presented more improved h^h rate discharge character- 
istics compared with the non-aqueous electrolyte secondary battery of Example 1 . 

[0052] Although the present invention has k»en fully described by way of examples, it is to be noted that various 
changes and modification will be apparent to those sklDed in ttte art. 

[0053] Therefore, unless otherwise such changes and nrKKfrfications depart from the scope of the present Invention, 
they should be constructed as being included therein. 



Claims 

1 . A non-aqueous eiectrolyte secondary battery provided with a positive electrode capable of at)sorbing and desorbing 
lithium, a negative electrode capable of ak^sorblng and desorbing lithium, and a non*aqueous electrolyte solution, 
wherein 

a positive electrode active material in said positive electrode Is a mixture of lithium-manganese composite 
oxide and at least one of lithium-nidcei composite oxide represented by a general formula UNi^MI ^^Og (wherein 
M1 denotes at least one element selected from B, Mg, Al, T1, Mn, V, Fe, Co, Cu, Zn, Ga, Y, Zr, Nb, Mo, and f n, and 
a relationship 0<a^1 is satisfied) , and iithium-cobatt composite oxide represented by the general formula 
UCot^2^^02 (wherein M2 denotes at least one element selected from B, Mg, Al, T1. Mn, V, Fe, Ni, Cu, Zn, Ga, 
Y, Zr, Nb, Mo, and In, and the relationship 0<kx^1 is satisfied), and 

said non-aqueous electrolyte solution contains at least a saturated cyclic carbonic acid ester and an unsatu- 
rated cyclic carbonic add ester having double bond of carbon where content by amount of said unsaturated cyclic 
carbonic acid ester having double bond of carbon is in a range of 1 .0 x 1 0^ to 2.4 x 1 0^ g per positive electrode 
capacity 1 mAh. 

2. The non-aqueous electrolyte secondary battery according to claim 1 , wherein 

said lithium-manganese composite oxide has a spinel-type crystal structure. 

3. The non-aqueous electrolyte secondary battery according to daim 2, wherein 

said lithium-manganese composite oxide is represented by the general formula U^.^n2.fM4f04 (wherein 
M4 denotes at least one element selected from B, Mg, Al, Ti, Mn, V, Fe, Co, Ni, Cu, Zn, Ga, Y, Zr, Nb, Mo, In, and 
Cr, and the relationships Q^e^.5, and 0^1 are satisfied). 

4. The non-aqueous electrolyte secondary battery according to claim 1 , wherein 

said lithium-nickel composite oxide is represented by the general fomnula IJNIcMndM3^^02 (wherein M3 
denotes at least one element selected from B, Mg, Al, TI, V, Fe, Co, Cu, Zn, Ga, Y, Zr, Nb, Mo, and In, and the 
relationships 0<c£l , and 0.1 <d are satisfied). 

5. The non-aqueous electrolyte secondary battery according to claim 4, wherein 

M3 in said lithium-nickel composite oxkle is at least one element selected from Co, Al, Mg, and Cr. 

6. The non-aqueous electrolyte secondary battery according to claim 4, wherein 

said iithlum-nlckel composite oxide is represented by the general fomnula LiNlcMnc|Coi^02 (wherein the 
relationships 0<c<0.5, 0.1<d<0.6 are satisfied). 

7. The non-aqueous electrolyte secondary battery according to daim 1 , wherein 
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said unsaturated cyclic cart>onic add ester having double bond of carbon is vinylene carbonate. 

8. The non-aqueous electrolyte secondary battery according to claim 1 , wherein 

said non-aqueous electrolyte solution contains a chain cart)ontc add ester in addition to the saturated cydb 
5 carbonic acid ester and the unsaturated cyclic cart)onlc add ester. 

9. The non-aqueous electrolyte secondary battery according to dalm 1 , wherein 

negative electrode active material in safd negative electrode is graphite. 

10 10. The non-aqueous electrolyte secondary battery according to daim 1 , wherein 

the negative electrode active material in said negative electrode is graphite coated with low crystalline cart>on 
In which whole or a part of a surface of first graphite material as a substrate Is coated with second cart)on material 
which is lower in crystallinlty compared with the first graphite material. 

^5 11 . The non-aqueous eledrolyte secondary battery according to dalm 1 0, wherein 

said graphite coated with low crystalline carbon has an intensity ratio (lA/IB) which is an intensity lA of 
1350/cm based on an Intensity IB of 158(l/cm, as measured by argon laser Raman, In a range of 0.2 to 0.3. 
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anonnt of VC to be added (KT^Xg/mAh) 
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